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INTRODUCTION
In recent years, femte layers are of particular interest for high frequency and thin-layer inductor applications because of its low conductivity and thus low eddy current losses as compared to metal alloy film [I]. The study of surface modes in spinwave resonance (SWR) are a source of highly relevant information concerning the surface properties of magnetic materials and their bearing on the magnetic properties of bodies, especially in the form of thin layers. Yu et al. [2] by introducing a phenomenological parameter of surface anisotropy in Puszkarski theory of the FMR spectnun.
EXPERIMENTAL RESULTS
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The specimens used in this work were monocrystalline, epitaxial layers of Mn-ferrite, 2 -3pm thick, obtained by CVD on monocrystalline MgO substrates 161 at 1500' K. Their surfaces were crystallographical ( 100 ) planes. The microwave spectrometer used in our experiments was of the standard reflection type operating at 26.6 GHz frequency range. The SWR spectmm was detected as the first derivative of the absorption signal using a 1 KHz modulation field. The applied magnetic field was directed along the ( 010 ) direction in the surface of the ( 100 )-oriented layer. The FMR were observed versus the angle O between the magnetic field direction and the normal to the layer, at room temperature. Fig. 1 shows our FMR spectra with surface modes as well as their variations in position and intensity versus the angle O between the MEFL normal and external magnetic field. Fig. 2 shows the angular dependence of the resonance field for the two high-field modes i.e. the surface modes, as well as for uniform mode. By chemical etching of the surface layer, we found mode I to be localized at the free surface and mode I1 at the MEFLsubstrate boundry.
DISCUSSION
The FMR spectra showrr in Fig. 1 consist of three lines. The low-field line is a ,,superposition" of bulk SWR lines, whereas the high-field lines are related with the surface modes. This situation exists in thick layers ( thickness 2 -3 pm in our case ), and in bulky magnetics [7] . The shape of the spin-wave resonance spectrum depends on the boundary conditions, and can be described in terms of the surface parameter As introducing a tensorial form of the surface anisotropy for conical symmetry in Puszkarski's model [2] with: p~ -Bohr's magneton, S -atomic spin, Z -number of nearest neigbours, J -exchange integral. The functional dependence of anisotropy energy on @, the angle between magnetic field and normal to the layer, is the same as in (1). KL is the component of the anisotropy field tensor when the magnetization is normal to the film surface, the K , is the in-plane component of the anisotropy field tensor.
Applying the criterion of surface parameter value, the FMR spectra obtained are of three kinds:
11 As < 1 -only bulk resonance lines are present, 21 As = 1 -the spectrum reduces to a single resonance line ( uniform mode ),
31 As > 1 -the first resonance line of the spectrum is of surface mode nature.
By varying the angle between the magnetization direction and the plane of the sample by means of an external magnetic field, one modifies the value of As. The condition for critical angles On when the FMR spectrum reduces to a single resonance line is given by eq. 2,
The critical angles, defined by eq. 2, were determined from the graphs of Fig. 2 leading to 0,= 48' for mode I and O,, = 37' for mode 11. The angular dependence of H, for mode I11 shown in Fig. 2 is described by the following parameters: 4a = 280 Gs, HA = -290 Oe, and g = 2.00. The presence of resonance lines for the surface modes in MEFL is due to magnetic inhomogeneity of the boundary layer at the substrate as well as of the free surface. A detailed and comprehensive of the surface magnetic properties of MEFL as well as the intrinsic mechanism will be published in a forthcoming paper.
